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B) Site Access (describe site access, restrictions, etc.)
On the lunar surface

(03] Property owner(s), Address and Zip
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Category of Property (Choose One)

building [X] structure (irrigation system, bridge, etc.) [] district
object (statue, grave marker, vessel, etc.) [ ] cemetery/burial site
historic site (site of an important event) [] archaeological site

traditional cultural property (spiritual or creation site, etc.)
cultural landscape (habitation, agricultural, industrial, recreational, etc.)

Area of Significance i Check as many as apply

The property belongs to the early settlement, commercial development, or original
native occupation of a community or region.

The property is directly connected to a movement, organization, institution, religion, or
club which served as a focal point for a community or group.

The property is directly connected to specific activities or events which had a lasting
impact on the community or region.

The property is associated with legends, spiritual or religious practices, or life ways
which are uniquely related to a piece of land or to a natural feature.

The property displays strong patterns of land use or alterations of the environment
which occurred during the historic period (cultivation, landscaping, industry, mining,
irrigation, recreation).

The property is directly associated with an individual who made an important
contribution to a community or to a group of people.

The property has strong artistic, architectural or engineering qualities, or
displays unusual materials or craftwork belonging to a historic era.

The property was designed or built by an influential architect, or reflects the work of an
important artisan.

Archaeological investigation of the property has or will increase our understanding of
past cultures or life ways.
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G) Property Description

The following narratives draw upon a rich assortment of archival andbasbd primary and
secondary sources, including historic photographs, drawingshérsd accounts, government
reports, press releases, newspaper accouitis,footage, and carefully selected published
histories. The author wishes to thank John Little, assistant curator at the Museum of Flig|
Michael Lombardi, corporate historian at The Boeing Co., for their assistance.

It should be noted tha€ity d Kent Landmarks Commission designatezlithree extant Lunar
Roving Vehicless Community Landmarks July 25, 2019. This Washington Heritage Regi:
application builds othat effort and onthe precedent set by California and New Mexico, the
first two states to include lunar objects and structures in their state historic regiSteose
efforts involved the Apollo 11 Tranquility Base, where more than 100 objects and structu
remain from the firshumanexploration of the lunar surface. In 2010, theifornia State
Historical Resources Commission and the New Mexico Cultural Properties Review Comr
voted unfmimously to add thmany features afranquility Base to their respective state
registers

Introduction

The Lunar Roving Vehicle (LRg)nmonly known as the lunar rover or Moon buggy, is
KAaG2NRQa FANRO YR 2yfeée KdzYly &adzNFI OS
Moon. At its Kent, Washingtebased Space Center, the Boeing Company designed, teste
and built the fourwheeled véiicle for the National Aeronautics and Space Administration
(NASA) to use in its Apollelass missions of 197712. Boeing, with its major subcontractor
General Motor§Delco Electronics Divisipdelivered three assembled flight vehicles, one
unassembledlight vehicle, and eight test units as part of its contract with NA&éshall
Space Flight Center. Designed for the transport of two astronauts, their life support syste
and scientific equipment, the LRV allowed the astronauts to spend more tim&arel
greater distances on the lunar surface and to collect more scientific samples than in pre\
missions.

' dzOF & [Fd2NESYS a¢KS azz2y .Stzy3a (G2 b2 hySs odz
13, 2013, accessed Feb. 22, 2019, https://www.smithsonianmag.com/seieiaee/the-moon-belongsto-no-
one-but-what-about-its-artifacts 180948062/
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Locatiorsand Setting

The three rovers used in Apollo missions 15, 16, and 17 remain on the lunar surface anc
gone untouched since thayere last used during their respective assignments. The vehicl
are situated on the visible side of the Moon, an averag23#,855miles away from Earth, in
a harsh environment that lacks atmosphere and has extreme temperatures ranging from
to -280 cegreesFahrenheit (figure 1). The Moon has esigth the gravity of Earth, and a thir
layer of fine, electrically charged dust covers the lunar surface.

The first LRYRover 1, is situated near the Apollo 15 landing @&13 N, 3.63 E)on the
plainsof Palus Putredinis adjacent to Hadley Rille near the Apennine Mountains (figures
through 8) This region is in the northeast quadrant of the visible face of the Moon. Hadle
Rille is a distinctive and winding channel thought to have been created bgratava flow.
The mountain closest to the landing site is Hadley Delta. NASA selected this landing site
geological diversity, with the mountains, rille, hilly plains, and nearby crater clusters prov
an area rich for scientific stucf)Roverl traversed this ara during three extravehicular
activities (EVAs) between July 31 and August 2, 1971.

Thesecond LRVRover 2, is located in the Descartes Highlands near the Apollo 16 landin
(-8.97° N, 15.50 E) on the Cayley Plains (figures th®ugh 14). This grooved, hilly region is
in the southeast quadrant of the visible face of the Moon and includes several young cra
that NASA considered ideal for exploration. The landing site is approximately 500 meter:
of the rim of Spook Cratewith several other notable craters in proximity. The Descartes
Mountains are south and east of the landing diRover Zraversed this ara during three
EVAs between April 21 and 23, 1972.

Thethird LRV Rover 3, resides near the Apollo 17 landing &0.19 N, 30.77 E) in the
TaurusLittrow Highlands, a mountainous region in the northeast quadrant of the visible fi
of the Moon (figures 1, 15 through 24). The site is named for the Taurus Mountains and
Littrow Crater, located on the southeasterim of the Serenitatis Basin. Three prominent
rounded hills bound the landing siteSouth Massif, North Massif, and East Magsifith
aYFff SN aaOdzf LIWGdzZNBERE KAffa G2 GKS y2NIK
mountainous highlands, vajidowlands, craters, and a fault scarRover Jraversed this
area during three EVAs between December 11 and 14, 1972.

WEYSa wod BAYOSEYIYS cht KBS (I8fite [Hy RNYBYRAGSAY SO NB
accessed December 28, 2018, https://www.Ipi.usra.edu/publications/slidesets/apollolanding/. Also, National
Aeronautics and Spa Administration (NASA)pollo 15 Press Kit, Release nc119K July 1971, p. 59, accessed
December 28, 2018, https://history.nasa.gov/alsj/al5/A15 PressKit.pdf.
% Zimbelman. Also, NASApollo 16 Press Kit, Release no64K April 1972, p. 2, accesd December 28,
2018, https://history.nasa.gov/alsj/al6/A16_PressKit.pdf.
* Zimbelman. Also, NASApollo 17 Press Kit, Release n6222K November 1972, p. 2, accessed December
28, 2018, https://history.nasa.gov/alsj/al7/A1l7_PressKit.pdf.
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The plannedourth LRWlight vehicle was not used since missions after Apollo 17 were
canceled. Ultimately, the materials designated this vehicle were assembled by NASA for
display purposeas a model. It is n@ in the collection of the Smithsonian National Air and
Space Museum (NASI@I).

Severalmockups andest units were built as part of the contract between NASA and Boeir

to inform the development and construction of the three flight vehicles. These included:
1 AnengineeringmockzL)E y 26 Ay GKS 02ttt SOGA2y 2
1 Amassunit to test the effects of the rover on the Lunar Module (LM) structure,

balance.and handling;

Two one-sixth gravity units for testing the deployment mechanism;

A mobility unit to test the mobility system, which was then converted into the -one

gravity trainer unit; the onegravity trainer is now in the collection of the NASM:;

1 Avibration unit to study the LRV's durability and handling of launch stresses, now
the collection of the NASMand

1 Aqualificationunit to study integration of all LRV subsystems, now in the collectior
the NASM.

)l
T

Physical Characteristics of the tRv

NASA required the LRV to be lightweight, easily stowable for transport in the lunar modt
(LM), and durable enough to withstand a harsh environment. The three flight vehicles we
identical to one other with only slight variations in payload weight (g5 through 28).

Each LRV flight vehicle weighs about 462 pounds on Earth (or 77 pounds on the Moon;
subsequent figures reflect Earth weights) and can carry a total payload of 1,080 pddiids.

6 dzy FIANO W 2B KA OE ST I nzé {YAOGKAZ2YALY blaGA2ylf 1 AN |yR
2018, https://airandspace.si.edu/collectiesbjects/lunarrovingvehicled. At the time of this writing, the Lunar
Roving Vehicle, #4 is on loan to the Kennedy S@acder.

4. 28Ay 3 [dzyt NI w2 OA Y IdzHIBK A DdzES vy 32 Y SCINA YA a2 DJarA i Sz |
2018, http://www.museumofflight.org/spacecraft/boeinlyinarrovingvehicleengineeringmock

T4 dzy I NI w2 @Dy 3 NI & ¥ SAE $ Siohat AirlakdBgageiMustunbwelisite, accessed
December 6, 2018, https://airandspace.si.edu/collectmljects/lunarrovingvehiclel-g-trainer. At the time of
this writing, the 1G Trainer is on loan to Space Center Houston.

86 [ dzy | NJ w2 OA yiTh 2+yS KCASHE (S = y+AGOSNE { YA G K&2Y ALY bl aGAz2yFE 1)
accessed December 6, 2018, https://airandspace.si.edu/colledtimjects/lunarrovingvehiclevibrationtest-unit
At the time of this writing, the Vibration Test Unit is on loan to theiBson Saturn V Center at the U.S. Space &

Rocket Center in Huntsville, AL.

6[ dzy F NJ w2@Ay3a +SKAOESsS vdza f ATAOFIGAZY ¢Sad !'yAuzé {Y
accessed December 6, 2018, https://www.si.edu/object/nasm_A19760746000.

“Thegt t 26Ay3a AYyF2N¥IGAZ2Y A& 3fSILYySR FTNBY bl {1 Qa ! LRff
FYR a[dzyF NJ w2@SNJ hLISNI GA2ya 1 FyRo2212Z¢ ! LINRE MpZ MpTmZI
January 31, 2019, https://www.hg.nasa.gov/alsiiry Yy ROK G YE T Yy R a[ daF 3 w2AA Y FIB8SKA
undated [ca. 1972], The Boeing Company, Corporate Archives, Bellevue, WA.



payload included two astronauts and their portahife lsupport systems (approx. 800

pounds); communications equipment (150 pounds); scientific equipment and photograpt
gear (150 pounds); and lunar samples (90 pounds). The payload was stored in stowage
j dz- RN} yG GKNBS 2F (KS [aQa RSaoOSyd adl 3

The fourwheeled LRV has a boype chassis that folds for compact storage in the tight; pie
AKFLISR O2yFAySa 2F aG2613S ljdad RNyl 2yS
vehicle measures 122 inches long, 72 inches wide, and 44.8 inches high, and site7 in
above the ground (or 14 inches when loaded). The cresssgleby-side with the front wheels
visible to them during normal driving. Two-86lt batteries power the vehicle for a top spee
of about10 milesper hour, although iaveraged aboutive milesper hour during the three
missions. The LRV can climb and descenddeBbee slope, negotiate 1idch obstacles and
28-inch crevices, and has 4fegree pitchand-roll stability. Rover 1 had an assigned range «
40 miles from the LM, while Rovers 2 a@tlad a range of 57 miles, but all three were limite
to a radius of six miles, the distance the crew could walk back in the event of a total LRV
failure. The vehicle has five major system&bility, crew station, navigation, powerand
thermal control.

Themobility systemincludes several subsystems: the chassis, wheels, traction drive,
suspension, steering, and drive control electronics.

1 The aluminurframe chassis is composed of a forward section that holds both
batteries, the navigation system, atige drive control electronics. The center sectiol
includes the crew station where both astronauts sit side by side, the control and
display console, and the hand controller used by the crew to operate the vehicle.
floor of this section is made of alumim panels. The aft section is largely reserved
ai26Ay3 GKS ONBsQa AOASYGATFTAO Sldz LY
fold over the center section and lock in place for transport in the LM.

1 Each wheel weighs 12 pounds and measurem82es in diameter and nine inches
GARS® ¢KS gKSSt KlFa | alidzy | f dzYAydzy
outer layer of a woven mesh zihwoated piano wire with titanium treads riveted in a
chevron pattern.

1 The traction drive attached to each wilehas a motor harmonic drive gear unit that
allows for continuous operation without geahifting and also a brake assembly. Ea«
wheel can be uncoupled from the traction drive and brake.

1 Two parallel arms connect the chassis with the traction driveachevheel forming
the suspension system. The system was rotated approximately 135 degrees for
compact stowage in the LM.

1 The front and rear wheels operate on independent steering systems, allowing for
turning radius of 122 inches. Thesfiaped hand comoller is located between the two
crewmen and it maneuvers the vehicle speed and direction. Tilting the controller

" payload weights differ slightly depending on the mission and publication author. These numbers reflect
Apollo 15 and 16 méson data according to the NASA mission press kits, while Apollo 17 had a slightly heavier

payload capacity of 1,190.
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forward of the neutral position increases forward speed, while pulling it backward:
brakes the vehicle. The parking brake is initiated asctir@roller is pulled backwards
threeA Yy OKSa®d ¢KS oNI} 1S A& NBfSFaSR o6& |
requires tilting the controller backwards and throwing the reverse inhibit switch on
controller. Moving the controller left or right inates steering.

Thecrew stationconsists of the control and display console, seats, footrests, handholds,
toeholds, floor panels, and fenders.

T

= =

The control and display console gives readings for pitch and roll (attitude indicato
vehicle directiorwith respect to lunar north (heading indicator), distance traveled
(distance indicator), and bearing and distance to the LM (bearing and range
AYRAOFG2NERUV® ¢KSNB A& | &adzy aKlFIR2g R
to the sun. An odometerii KS NA IKG NBI NJ g KSSt YSI &
displayed by the speed indicator. The console includes switches for the four drive
motors, two steering motors, and a system reset that allows the bearing, distance
range displays to be reseThe console monitors vehicle power and temperature an
triggers an alarm indicator at the top of the console, which lights up if the battery :
temperature readings are of concern.

The two seats are made of tubular aluminum framing spanned by stripglaf and
are designed to fold flat onto the chassis while stowed and to be unfolded by the
astronauts after deployment. Each crememberhas a nylon strap seatbelt that fits
over their lap and attaches to the outboard handhdfd.

There is one armrest lated behind the LRV hand controller to support the arm of t
crewmemberwho is driving the vehicle.

There is one footrest for each cranembersituated on the center floor section. The
footrests, which fold flat against the chassis during transport aaljested to fit the
crewmen before launch.

A handhold on each side of the center console assists the crewmen getting in anc
of the vehicleThese inboard handholds contain receptacles for camera and
communication equipment.

A toehold on each side diie vehicle is used to assist the crew in getting in and out
the vehicle. The astronauts assemble the toeholds after deployment on the lunar
surface by dismantling the tripods that linked the LRV to the LM and inserting a pi
of the tripod into eitherside of the chassis. This piece also doubles as a tool, if net
The crew station floor is beaded aluminum panels.

Fiberglass fenders extend over each wheel to contain the fine lunar dust while the
is in motion. A section of the fenders was @atted during stowage and extended for
use after deployment. During the second EVA of the Apollo 16 mission, astronaut
Young bumped into and broke off the right rear fender extension. The issue was 1
missioncritical, and no repair was made. A similacident occurred during the first
EVA of the Apollo 17 mission when Eugene Cernan inadvertently broke off the ric

2 The Apollo 15 crew reported that the seatbelts were difficult to fasten and were too short. MBI

15 Mission Report, MST5161, p. 86.



rear fender extension. The break caused the crew to be covered with lunar dust v
the vehicle was in motion. At the beginning of theged EVA, the crew fashioned a
replacement fender extension using used duct tape, four maps, and clasps. It last
the remaining duration of the mission but was undone so that the clasps could be
during the return trip in the LM.

The LRV has a deagtkoningnavigation systemmeaning it uses a préetermined fixed
LI2aAGA2Y 6A0GK 1y26y a4LISSR IyR O2dz2NES (2
includes a directional gyroscope mounted on the forward chassis, a sun shadow device
mountedon the control console, odometers on each wheel to record speed and distance
a small computer or processing unit. The readings are displayed on the control console.

Two 36volt batteries, distribution wiring, connectors, switches, circuit breakans, meters
YI 1S dzLJ powedsydtem IR fiorrechargeable batteries, each weighing 59 pounc
are housed in magnesium cases located in the forward section. Both batteries were use:
simultaneously, although each battery could individually power thaacle, if needed. The
batteries were installed in the vehicle and activated on the launch pad five days prior to
launch. An auxiliary connector powered the lunar communications relay unit.

Athermal control systemprotects temperaturesensitive instrumerg throughout the missior
with insulation, radiative surfaces, thermal mirrors, thermal straps, and special finishes. ,
multi-layer thermal blanket protects the batteries and equipment stored in the forward
chassis. The batteries have thermal control umiteere heat is stored and dugtrotector
covers that are manually opened after vehicle use to expose thermal mirrors (or space
radiators) to cool the batteries. The covers automatically close when the temperature
stabilizes. Display console instruments pretected by radiation shields, the console exterr
surfaces have a layer of thermal control paint, and handholds, footrests, and floor panels
anodized.

Stowage, Deployment, and Pd3éployment

¢CKS [wx F2fRA YR ¢l a Ziviehdhd &terdypoiniirg 8p. Vien
folded, the LRV measures 4 feet 11.5 inches wide, 5 feet 6 inches long, and 4 feet tall (f
29). Space support equipment holds the folded LRV in place during transit at three point
astronauts manually deployetie LRV onto the lunar surface following these steps, which
take no more than 15 minutes (figure 30):

1 While standing on the lunar surface, astronauts sequentially pull two nylon straps
located on either side of the storage bay.

1 One crewmemberascendstie LM ladder and pulls the-Bandle to release the folded
LRV. A sprintpaded rod pushes the LRV away from the top of the LM, about five
inches, until it is stopped by two steel cables. The lower end rotates on two points
formed by tripods attached to thehassis.

1 Descending the ladder and returning to the two nylon straps, the astronaut pulls t
tape on the right side of the storage bay causing a cable storage drum to rotate a

8



releasing two support cables that swivel the LRV outward from the top.it@icauses
the LRV to rotate outward. Two support arms and two telescoping tubes begin to
extend to a point just outside the LM. A cable then pulls pins that unlock the forwe
and aft chassis sections. At 50 degrees of deployment, the aft (top) sectixct) is
under spring pressure, unfolds and locks into position. The wheels release and lo
into place.

1 As the astronaut continues to pull the nylon strap, the center and aft sections rota
until the rear wheels touch the lunar surface. At this time, tbevard section is able
to unfold and lock into position.

1 The astronaut pulls the second (left) nylon strap, which lowers the forward sectior
the lunar surface.

1 The astronauts then disconnect the deployment hardware from the LRV by pulling
series @ release pins, also known as pip pjrﬁihey deploy the fender extensions, se
up the control and display console, unfold the seats, and check and prepare othel
equipment.

1 One astronaut boards the LRV, checks the systems, backs the vehicle away from
LM and drives to stowage quadrant three that holds the payload. The vehicle is
powered down while both astronauts install the equipment in the LRV.

1 A batterypowered lunar communications relay unit (LCRU) is mounted on the fon
chassis. It facilitategoice, television, and telemetry communication between the
FAOGNRYlFdzia FYyR | 2dzali2zyQa aAiaaizy [ 2y
high-gain antenna resembling an umbrella that allowed for optimal television
transmission. The camera, manutiaed by RCA, could be aimed and controlled by
the astronauts or remotely controlled by Mission Control Center personnel. Ayéomw
antenna was for relaying voice and data when the LRV was in motion. The LCRU
designed to operate in different modedixed for when the LRV was parked, mobile
as the LRV was moving, or hacatried.

2SAYy3IQa Yl 22N) 4dz0 02y i N} OG2NE Da 5Sf 02
and built the 1G trainer. Eagl®icher Industries, Inc., of Joplin, Missoutiiltithe batteries,
and the United Shoe Machinery Corp., of Wakefield, Massachusetts, built the harmonic
unit.**

LRV Integrity
¢tKS GKNBS [w+xa | NBE &idNXzOG dzNB aany f&ignaly S R

construction made usually for purges other than creating human sheltér. h i K S NJ ¢
of structures include boats and ships, railroad locomotives and cars, roads, and bfiddes.

13 Apollo Lunar Rover Vehicle exhibit, Museum of Flight, Seattle, WA, October 17, 2018. According to the
SEKAOAGE !'LRff2 mMp YA&d&aAzy O2YYIYyRSNIS5FGAR {0200 LINBa&S)
viceLINBAARSY (0 2FL) @S AYNIRGEELII SNER (2 | I NRPfR Wod al/ftSttlys 7
Division, during a poshnission visit to the Boeing Space Center in Kent.

1 NASAApollo 15 Press Kit, Release nol112K p. 96, accessed December 28, 2018,
https://history.nasa.gov/alsj/al5/A15 PressKit.pdf.



eligible forregisterstatus, a structure, or any type of historic resource, nmesain integrity
suffident to convey its historic character.

The three flight vehicles remain on the lunar surface and have gone untouched since the
were last used during their respective missions in 2921The LRVs and other Apollo
missionrelated items that remain on thoon can be seen in higtesolution imagery

LINE RdZOSR 6@ b! {! Q& [dzyl NI wSO2y VYl A &%helRS
imagery confirms that the vehicles are extant and remain in theirkastvn locations but
does not reveal their conditionalthough nearly 50 years of exposure to extreme
environmental conditions have likely aged the vehicles (figures 4, 11, 17, and 18).

Regardless of conditionh¢ LRVs clearly retain integrity of location, setting, feeling, and
association, as they remain the lunar environment for which they were designed. The
GSKAOf SaQ RSaAAIYy>S YFOGSNAIfas FyR 62N Yl
major unknown is how the extreme environmental conditions have altered the vehicles.

H) Significance

Introduction

¢2 KStLI 3SH YIy (2 (G§KS Y2 2yThe BoéngRE, orotheR
construction of an advanced spamsearch facility in Kent, Washingtdn

The Lunar Rover proved to be the reliable, safe and flexible lunar diqiorahicle we
expected it to be. Without it, the major scientific discoveries of Apollo 15, 16, and 17 wot
have been possible; and our current understanding of lunar evolution would not have
possible:- Apollo 17 Lunar Module Pilot Harriscch8itt'’

Just three lunar rovers were built, and only six men have driven tiNawer hadso much
imagination, research, and public investment gone into the production of a wheeled vehi
The rover, known officially as the Lunar Roving Vehicle (LRU§ pussible the greatest
human explorations of the Moon in 19772, and it came from Kent, Washington.

Atthetime,Y Sy i ¢l a K2YS (2 ¢KS .2SAy3 /2YLIlY

> LRGmagery of Apollo landing sites is archived jointly by NASA, Goddard Space Flight Center, and Arizona
State University at: http://www.lroc.asu.edu/featured_sites/#ApolloLandingSites.

'°Boeing advertisemententNewsJournaj Aug. 19, 1964, Diamond Jubilee Edition, p. 5. See figure 31.

V. §GGes . d . dNJKIFIEGSNIFYR aAldOKStEf wo { KFNLISS a[ dzyl N
5 S LJ 2 & YoGryalioEThe British Interplanetary Sociéy(1995): 212.
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most advanced research and testing facility aimed at splagiet and exploration programs,
and it positioned the firm as a leading competitor for the National Aeronautics and Spact
Il RYAYAAUN: A2y Qa ob! {10 Y2ad | YOAURA?Z2dz
design, testing, and assembly of the LR& thhok Kent to the Moon, and it all happened in
just three years, from 1969 to 1972. Ultimately, the three rovers performed as specified
the Moon, a remarkable testament to those in private industry and in government resear
agencies who contributedtthe program.

The three lunatbased roversre significant fotheir connection tospecific activities and
events which had a lasting impact on the community, region, and natiahg following
ways:

T ¢KS [wx A& KAA&G2NE QA& urarssiiicé vehigleRandityniade
L2aaAiotS GKS Y2ad | YOAUA2dza aOASY(GAT
was an instrumental part of the final three missions of the Apollo program in-I271
The vehicles enabled astronauts to travel much geedistances on the Moon and to
conduct more surface experiments, contributing to our current understanding of I
evolutionaryhistory.

1 The imagination and knowledge that resulted in the LRV was transferred to solvin
other technological challenges @arth for years to come. The rover would be of
interest to research organizations and government agencies studying mobility,
navigation, and robotics.

f .2SAy3Qa O2y (N} Ol G2 LINRPRdAzOS (GKS [ wz
aerospace division at its Sga€enter in Kent. Perhaps more than any other Space
Center project, the rover captured the interest and imagination of the Kent
community, even as the rising unemployment of the Boeing Bust gripped the Pug
Sound region.

Therovers alsare significantor their distinct designengineeringand constructiorgualities
in the following ways:

1 The LRV represents an ambitious experiment to overcome the many challebgés
known and unknowrg of traversing the lunar landscape for which there was no
precRSYy i ® {LISOATAOIffe&s (GKS aRdsefiskdhe 2 F
challenges posed by the rugged and largely unknown lunar landscape. The uniqu
wire-mesh wheels and independent steering and suspension subsystems allowed
navigation in fine lunadust and on rocky terrain. Additionally, the suspension
subsystem enabled the compact storage of the vehicle during transport, somethir
Boeing program manager Henry Kudish called one of the most difficult problems.

1 The LRV is both simple and complexs Bimple in form and materials, with four wire
mesh wheels supporting an aluminum chassis with two ngloap seats. It is comple:
in design, with five major inteconnected systems built with redundancies througho
to ensurethat a single failure diciot end the mission or endanger the crew.

11



a{ LI OS amstwandhange Comes to Kent

Its central location in the Green River Valley made Kent a hub of activity for business rel
to agricultural processing, packing, and shipping in the eanlg mid-20th century. Farming
had long been a productive way of life for valley residents, including many Japanese
Americans-® For many, this way of life was upended in 1942 when President Franklin
Roosevelt ordered the removal of firgtnd seconegeneraton Japanese Americans to
internment camps during World War Il. Their farmland was redistributed to other farmers
most never returned’¢ K SANJ 6 aSy 0SS aiNIAYySR GKS g20
agricultural products remained strong during aaitier the war.

Kent emerged from World War Il a changed community. Ra@stgrowth during the Baby
Boom years further strained area farmers and dairymen. As land values and taxes increi
planting acreage became too costly for spsalale producers piing many to sell their land
for development. The City annexed large tracts north and south of Kent to bring the aree
being developed under local control. Industrial firms began relocating from Seattle and
elsewhere in King County to Kent by the rii@b0s including the Lynch Manufacturing Co.,
the Heath Manufacturing Co., and the Borden Co. Chemical Division.

But it was the major infrastructure projects in the mi@50s and early 1960s that would
sustain and attract development in and around Kent feans to come. The Valley Freeway
(WA167) was under construction by 1957 and would ultimately connect Kent with Aubur
the south and Renton to the north via a felane highway. Construction of Interstates 5 anc
405 was also underway during this periathd they would provide important regional
connections for Kent. The completion of the Howard Hanson Dam in 1962 brought relief
valley residents, farmers, and business owners alike, who had long been plagued by floc
These transportation improvemesitand flood control measures further enticed industry to
Kent, most notably The Boeing Compéﬁy.

Boeing first expanded into the valley in 1944 when it opened a plant in Renton, but Boei
had long been a fixture of the Seattle area. The aviation firmtbgg | a 2 Af €t ALY
Aero Products Company in 1916, operating out of a former shipyard building along the

5dz6 | YAAK WAGSNI AYy (G2RIFeéQa az2dzik {Sradfs
advanced from a fledgling aviation starp to a wald-famous aircraft manufacturer. In 1936
Boeing built a new production facility (Plant 2) about a mile or so upstream, at the north
2T YAy3d [/ 2dzyiéQa NBIA2Y Lt FFANLIZNI 0602LISY

Ba vy Sy i X{ LI OKentNa&loutnal AugustEl9, 1964, Diamond Jubilee Edition, p. 1.

PC2NJ Y2NB 2y YSydQa SINIe& KAa(G X vdley dogpdruniydzNG £ LI & G =
(Chatsworth, CA: Windsor Publications, Inc., 1990).

O entz,55c p® ! YR ! fley WHIAYOTAKI dXBYIENEZE¢ |1 AA0G2NB[AY] ©?
Accessed March 1, 2019, http://www.historylink.org/File/3587.

21 dzOAE S ald52yl f RS aCFNYSNHE ¢ 1 SThe Sedtloaiméddy 8{1036, SR Y Sy (i C
magazine section, p. 2.

2 Lentz, 54, 6&7.

12



Boeing). Some of the majoireraft built at Plant 2 included the 307 Stratoliner (the first
airliner with pressurized cabins); thelB Flying Fortress; the X® and YB9 Superfortress
prototypes; B29 subassemblies (final assembly in Rentor§0 Bpostwar version of the B
29);and the Stratocruiser (advanced postwar airliner). Production at Plant 2 earned fame
aeyYozf 2F ! YSNAOFPQa 4 NIAYS AGNBYy3IGKOD

The postwar success of its commercial, military, and emerging space divisions pushed tt
company to expand into Kent and Aububy the 1960s. In early 1964, Boeing announced
plans to develop a statef-the-art Space Center on 320 acres it had recently purchased in
YSYyGd 2A0K GKS yy2dzyOSYSyidz .2SAy3 @Al
taught us the value of hawy our own research and development laboratories, and we are
O2y GAydzay3a GKAa I LILINE e @dvanded fadity RodetlihciudaifolrS
laboratoriesg one to simulate space, another to simulate space flight navigation, a third t:
research andest microelectronics, and a fourth to test new materials. The space simulati
chamber measured approximately 40 feet in diameter by 40 feet high and was the large:
such private commercial facility in the United StateFhis new facility would positiotne
company as a leading competitor for civilian and military space contracts for years to’Ror

Kent Mayor Alexander Thornton welcomed Boeing to Kent and credited the city council :
the planning commission in their foresight to annex large areasratdent’’ Construction
was underway and proceeding quickly during the summer of 1964 as the community
celebrated its diamond jubilee with events and retrospectives. K&t NewsJournalwas full
2F I NIAOE Sa akKz2gAy3ad (KS Ofov Mergckni chadde. Ii5te2
LINS@PA2dza RSOFRS>Y YSyidQa LRLMzZIFGA2Yy KIFR
building permit numbers jumped considerably, from 44 building permits totaling $1,494,4
to 155 permits totaling $4.14 million in 1963A Seattle Timesolumnist said of the change,
Ge¢KS . 2SAy3a Y2 DHzRIANATI BINBRISIR SEX2yKRE NS  OF 6
glittering new industrial plantg many spaceoriented ¢ are taking shapé?

Construction of the Boeing Space Center, located@M/est Valley Highway between Soutt
196th and 212th streets in North Kent, proceeded quickly. The first areas were complete
March 1965. The firsttaffi 2 Y2 @S Ay (02 GKS ySg FILOAtAQl
headed by John Van Brkhorst, manageof the spacesnvironmentsimulator laboratory,

BCt2NBYOS Yo [Syidl FyYyR {INK WO al NIAYS a.2S8Ay3 | ANL
Registration Form, pp. 149. Approved by the Tukwila Landmarks Commission, March 22, 2018.

“6bSe { LI OS [ 62N (2 NBoSng News-ebylgnbeR1964(ip. Iy Sy & { A (55 ¢

*Eugene E. BaueBoeing: The FirstCentliry 6 9y dzYOf | 6 21 Y ¢! .1 tdzof AaKAYy3S

G2 0S . dzA Keint Newslbuina) Febluaiybb¢1964,. (.

P2 At fALY /E20KASNE abSg { LI OS / Sy BG&NgMagazieD)Bly'a (KS C2
10 (October 1965):-8.

Taal 82NJ 2 St 02 Y S aThe Seéttle TidheFahtuary 4 19645 ¢ 27.

BaYSYyld DNRSUOK La WafzRAY 3 N SNMM IOSKEm SevE)SROaiAuRIRKR S ( K = ¢
1964, Diamond Jubilee Edition, p. 2.

W20 SNl ¢gAraas abzg L GThaSeBeNidgOctoben2d) 1965 wa4GSNI £ f f Se s ¢
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FYyR  aSONBGFNES &aMBEother 4G Bmptoywezaull gradudlyt miove
through October when construction was completed (figure 32). Kent Chamber of Commie
members were invited to a spetiur of the Space Center in advance of the official

dedication on October 2. Boeing celebrated its new $20 million facility in a ceremony w
4,000 guests, including NASA administrator James Webb, standing in for Vice Presideni
Hubert Humphrey who wascheduled to attend but had to cancel. In his remarks Webb s:
GAG Aa Of SFNJIFNRBY GKS 2dziadl yR)\ya YySg N
. 28Ay3 GSIY KFa GK2dAKG o62dz2i GKS Tz dzN.

The SpaceEy 1 SNJ 61 & YEYIi 05 PRNEENOANES LI I yix
LIK&aAOLffe Aazft |l #Beeindhad rbomioSkpand dnd dHeMNivis Wity
aerospace industry ties could locate nearby. For example, Aero Structures, Inuo. tzat
manufactured materials for the aircraft industry, relocated to Kent from Seattle in 1965. |
NBalLlRyaS (2 GKS Y20S> AYRdAZAGNAILIET LI NJ] Y
shown great foresight in its planning and zoning which allih@se industries to come in to
O02YLX SYSy i FCEBNIKSUKSHNIEOSYSYyld sl a YSyi
Tacoma and Seattle, just a few miles east of Baalnternational Airport and within a
network of regional highways. All of these factqr®cation, strong public infrastructure,
partner firms nearby, and the opportunity to expand facilitelsenefited the Space Center ¢
Boeing sought to bring major space contracts to Kent.

NASA and Project Apollo

In October 1957, the Soviet Union succdgsff @ f | dzy OKSR (G KS { LJdzi
orbit, jumpstarting the Cold Wagra Space Race with the United States. The following Jul
the U.S. established the National Aeronautics and Space Administration (NASA) as a ci\
government agency dechted to the peaceful advancement of spamence and technology
lY2y3a GKS yAyS | 3SyOe 202S0GA@Sa 2dzif Ay
improvement of the usefulness, performance, speed, safety, and efficiency of aeronautic
andspacevef Sa>¢ FyR aGKS RS@St2LISyld IyR 2

AVAGNHZYSy Gas Sljdza LIYSy (= & dzLiLdt R*$he Subdeglént f

RSOSt2LIVYSyd 2F GKS fdzy NI NEPGSNJ FAG al dzt

objectives

{GAfE Ay Ad&a AyTFlLyOesz MerfuryGemii da ApgloyasLl: O
challenged by President John F. Kennedy during a special message to Conitag26n
1961 His remarks came just weeks after the Soviet Union put the first hu¥uan Gagarin,
into 9 I NIi K QrithezspéBch, ennedycknowledgedhe Space Race and challenged the

VavySyid / SyidSN D S (i heGaati@ TimeMardhifi1? WESEp. 204 A 06 = ¢
w20 SN ¢6Aaa Ggnnnn G 5Th&RSedtle TiheOrtobars0, 19855piy 3 { LI OS
32

Lentz, 75.

Bl SNR { GNHzOG dzNB & G2 . NAKER Newsloumha) Septerdbez 8551865,palh 06 (2 Y S
% Sectobn 102 of the National Aeronautics and Space Act of 1958, As Amended. NASA, 2008, accessed March
1, 2019, https://history.nasa.gov/spacedegishistory.pdf.
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nation to land a man on th&loon and return him safely to earth before the end of the
RSOl RS ® Nb $ngla dpac®Eoject in this period will imere impressive to mankind ol
more important for the longrange exploration of space and not be so difficult or expensivi
FOO2YLX AaKX. dzi Ay | @OSNEB NBIf aSyasSszs Al
entire nation. For all of us must wotk2  LJdzii KoY {d IQENB N 2S00 !
many partners in private industry would respond to this challenge.

t N22SO0 ! L2t f dumardsgacetight{plodiain, sidseedililg the Mercury and
Gemini programs of the late 1950s and ed®60s. Each program and mission built on the
0§SOKy2t23ASa yR adz00SaasSa 2F SIFENIASNI 2
' LISNER2Y Ayid2 9FNIKQa 2NbBAG FyR NBGdzNYy-
person coneshaped spae capsule to launch Alan Shepherd into low orbit in May 1961 ar
then John Glenn into full orbit in February 1962. The goal of the succeeding Gemini prog
was to advance space travel techniques and capabilities that would support the lunar mi
of the Apollo program. For these missions, NASA used a largeisbaped space capsule
that carried two astronauts.

The primary objective of the Apollo program was exactly what Kennedy had callethfar
astronauts land on the Moon and return safely @t by the close of the 1960s. The twelv
year program resulted in thirtthree flights, eleven of which included astronauts. The final
seven missiong Apollo 11 through 1% involved human exploration of the lunar surface, al
the final three flights caied a lunar roving vehicle. Those flights without astronauts were
missions to qualify the launch and spacecraft vehites.

The Apollo program used a new type of spacecraft for its turegv missiong a three-part
vehicle consisting of a combinedi@-part command and service module (CSM) and a lunai
module (LM)3.7 Once in lunar orbit, the LM and two astronauts separated from the CSM a
its one crewmember. The CSM remained in lunar orbit while the LM landed on the Moon.
Note that the LM spacecrafs were modified for missions 15, 16, and 17 to accommodate t
transport of a lunar roving vehicle.

NASA defined its Apollo missions by type, each with specific tasks, tests, and benchmar
needed to be completed before moving to the next mission tyffee lass, or-3eries,
missions were those capable of a longer stay on the Moon and greater surface mobility
the lunar rover, allowing for more surface experimemiBssionsl5, 16, and 17 were

% papers of John F. Kennedy. Presidential Papers. President's Office Files. Speech Filese Sgmgaio
Congress on urgent national needs, May 25, 1961, accessed February 22, 2019, https://www.jfklibrary.erg/asset
viewer/archives/JFKPOF/034/JFKR3&030.

% National Aeronautics and Space Administration (NASA9llo Program Summary Rep{ite9423)

Houston, TX: Lyndon B. Johnson Space Center, April 1975, accessed February 22, 2019,
https://www.hg.nasa.gov/alsj/APSRSE@9423.pdf.

%" Hexcel, a firm with Kent ties, produced the landing gear struts of the Apollo 11 lunar landing module.
Hexcel im manufacturer of composite materials for aerospace and industrial markets and opened its Kent plant in
1996.
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classified as-dlass and included new types of egonent such as the Metric and Panoramic
camera systems, a lunar communications relay unit (LCRU), and a grouindlled television
assembly (GCTA) to aid in improved +&ale visual and audio communication with Earth. T
accommodate the change in missitype, NASAot only modified the spacecraft vehicles, it
alsoupgraded the spacesuit and portable life support system (PLSS) to function in
coordination with therover.

The Lunar Rover

The design and construction of the Lunar Roving Vehicle was shé of years of
imagination, research, and development. Throughout the early twentieth century science
fiction writers provided the first fantastical renderings of lunar rovers. Writers Jerszy Zule
Hugo Gernsback, and Homer Eon Flint, for examplegined vehicles that ranged from a
pressurized wheeled vehicle to a taflike unit with continuougrack treads to a twdegged
walking rover® The midcentury writings of scientists, such as Gernfmomn rocket scientist
and aerospace engineer Wernher vBraun, brought science fiction closer to reality. In 19¢
the popular/ 2 f frfagaNd® dublished the first of a series of eight issues about outer sg
GOKFGO LISNBdZ aA@Sfe YIRS GKS OFasS F2N Kdz
foreseeablef dzii dZN@h ®raun and his colleagues produced thg  fcanfiNIbat
influenced a generation of engineers and physicists, including those who worked on Pro
Apollo.

Beginning in 1962, NASA sponsored studies to define and design ssiufegevehicle.
Several leading military and aerospace manufacturing companies produced designs anc
Y2RSta 2F @OSKAOfS& GKFG NIYy3aSR aA3ayAaAFAo
mobile laboratory known as MOLAB, featured six wheels, a pressuabéa, and it weighed
nearly 8,000 pounds (figure 33). In June 1965, Boeing introduced the vehicteadsla lunar
laboratory [that] could be folded into a compact package, cradled atop a lunar excursion
module (LEM) landing craft and shipped tothe mdéod 2  NR F  { I G dzNy p
Saturn 5 would streak moonward from Cape Kennedy with a thmaa crew in an Apollo
cabing two of them destined to land by LEM, take over MOLAB and begin their explorati
The MOLAB could be controlled from Earttdas designed to carry stereoscopic driving
cameras mounted on top of the vehicid.

2 A0KAY | 6SS1 2F ah[!.Qa dzy@SAfAYy3d Ay W
Boeing and Bendix to include a strippeédwn version of the MOLAB, called a Mdbillest

Unit, and a second smaller rover called a Local Scientific Survey Module (LSSM). Impor
the LSSM would not have an enclosed cabin and would only weigh between 800 and 1,*

*® Burkhalter and Sharpe, 1990 n T { | @S NJhe LutamRoeirg) Maiktle; A istorical Perspegtive,
The Second Conference on Lunar Baséssaace Activities of the 21st CentNiiySA Conference Publication 3166,
vol. 2 (1992): 619, accessed October 15, 2018, https://history.msfc.nasa.gov/lunar/LRV_Historical_Perspective.pdf.
¥ David M. Scott and Richard Jurtarketing the Moon: The Sellirg the Apollo Lunar Program
(Cambridge, MA: The MIT Press, 2014j, 5
P/ 2YLIE OG /F NI F2NJ az2y ¢ 2 dzNBoeing Bewslfind 2 1965KEBSANJ | 2YS 2y 2
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pounds:*

a4 GKSasS aGdzZRASa LINE OSSRS&u¥EnV.re&ketaydd ungrlOite
programs while constructing its Space Center in Kent. Within weeks of officially opening,
Boeing tested its first Lunar Orbiter spacecraft in the vacuum chamber at the Space Cer
Boeing and Eastman Kodak were under cacitwith NASA to build eight orbitecsthree test
units and five flight modelg designed to circle the Moon and take clege photographs of
the lunar surface to help scientists prepare for the Apollo missions. The program launch
orbiters in 1966and 1967 resulting in the first photographs from lunar orbit of the Moon a
Earth. Additionally, by mid967, just six months after the Apollo 1 disaster, Boeing was ut
contract with NASA to provide technical integration and evaluation (TIE) tasteefépollo
program, meaning it would support NASA in integrating the Saturn V launch vehicles wit
command and service modules, the lunar module, and later the lunar fGver.

In July 1969, just five days prior to the launch of Apollo 11 that tookitsehlfumans to the
Moon, NASA issued a detailed scope of work and request for proposals for developmen
the Lunar Roving Vehicle. Only weeks earlier, the agency elected to move forward with ¢
program, selecting its Marshall Space Flight Centei#®)$ Huntsville, Alabama, to manag
GKS STF2NIP® { I GSNA2 Cod a2NBFz | NRO{Si
Project Office that reviewed the proposals. They closely reviewed four proposals, from
Grumman Aerospace, Chrysler Space Diviggendix Corporatioand Boeing

. 28Ay3Q4 RSLIK 2F SELISNIA&AS FyR SELISNRAS
O2YLIl yeée 3FA2Ay3 Ayd2 b!{!Qa o0AR LINROS&da ¥
by its earlier studies of lunaurfacevehicles, NASA specified a ligieight, fourwheeled,
battery-powered vehicle that could be folded and stowed in the Apollo Lunar Module.
Deployment and navigation were to be simple enough for one astronaut to maneuver wt
wearing a cumbersome spacesuithe specifications required that there be no sirgbént
failures in the vehicle that could abort the mission. This ultimately resulted in the use of
redundant or double systems throughout the rover, ensutinat, in the event of a failure,
another sygem could take ovef?

NASA awarded its $19 million LRV contract to Boeing and announced the selection on (
29,1969"¢ KS O2ald dAZ GAYFGStfe& 3ANBg (2 bPoy YAht
subcontractor for the project waGeneral Motos(Delco Electronics Divisidrased in Santa

odzNY K€ GSNI F YR {-K2 NFISEZ2 2yi MmTdza 3 & NR 2MIS BEEMGENewsIWyA O { dzNI
15, 1965, p. 1.

4. 28Ay3 DSGA PHn aAf fRaUBAIZ ! Wizf $2H QY I BANT HEARP WO dEE LR
I AAG2NAOFE {ylFLAK2(GZ¢ ¢KS .28SAy3 /2o sSo0ariasSz 1 00S4a4aSR
https://www.boeing.com/history/products/gollo-lunar-spacecraft.page.

BodzNJ KFf GSNI FYR {KFENLISS WwnnT w20SNI [® ¢pgArAaas &.2SAy
{ G SSNX y 3 The Saatdef T@¥8Lgust 1, 1971, p. F8.

MOodZNJ K f GSNI FYR {KFENLISS HnnloQd. 2SNy A2 el O B5 A Sa e a A
Journa) October 31, 1969, p. 1.
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Barbara, California. A tight timeline called for delivery of the first vehicle by April 1971, g
Boeing just eighteen months to design, test, and build the vehicle. A preliminary design \
due to NASA juden weeks into the contract. At Boeing, the rover project was overseen b
Oliver C. Boileawice President of Boeing Aerospace Divisaowl, his Kenbased team in the
aerospace division. They also had a team in Huntsville manageqgiyeerHenry Kudish
who was succeeded by Earl Houtz in 1970, and all worked closely with Saverio F. Moree
his group at NASMSFC, also based in Huntsville. Of note is the fact no women appear il
LINEFSaarAz2ylf LRRaArAdGAz2ya 2y (KS 2 NHdreyvhite men
dominated the ranks during this era. Women worked primarily in secretarial roles and oft
were product models in photograpﬁ‘gLRV program secretaries Sharron Scott and Judy
Williams are examples of this trenfiigures 34 and 33.

The IRV project teams performed their work in various buildings at the Kent Space Centt
(figures 36 through 38. Vehicle fabrication, manufacturing, and assembly occurred mostly
building 1823, while testing occurred largely in building-28, which housedhe Space and
Thermal Environments Laboratoflyoth demolished)Engineering design teams worked
predominantly in buildings 284 and 1805 (both demolished)LRV material support tasks
took place in buildings 181 and 1854, the only two buildingspedfically associated with the
LRV project that remaistanding"ﬁ6

The teams brought to the project considerable knowledge from the previous six years of
studies. There were two importantcary S NE FNRY . 2SAy3Qa ah|
wheels and the concept of independent electric motors infeatheel’’ Additionally, the
ongoing Apollo missions provided the rover team new,-teaé information about the lunar
surface. In an interview wititheNew York Timeshortly after the contract award, Kudish sa
the Apollo 11 astronauts who landed onthe2 2y (1 KS LINS QA 2 dza Wdz
Gl tdzS Ay RSGUSNXYAYAYy3I a2YS FyasSNR (2 2dz
many assumptions about the coefficient of friction of the lunar soil, its ability to carry wei
and the sizeoftheab (i Ot Sa GKI G YIe& 068 SyO2dzyi SNB|
aGr3as Ay (GKS LINR2SO0XI YdzZRAAK &FAR GKI G
YR @2ftdzyS 2F®0KS NROSNI R24Yy dé

Throughout 1970, Boeing and NASA collaborated on the @e®ign using various models
and moc:kups.49 The first iteration of the rover was a static megj that enabled the
development team to consider human factors related to crew maneuverability, safety, ar
comfort, as well as how emergencies might inform tledicle design. An engineering model
provided designers a test unit in the laboratory to study vacuum, thermal, and soil condit
A training model provided the astronauts the true feeling of what it would be like to drive
roveronthelunarsurface & Ff 32 | ff26SR RSAAIYSNE (2

**Scott and Jurek, 41.

“* personal communication with Barbara Olson, Boeing Historical SeN@esmber 12, 2019.

" Burkhalter and Sharpe, 201.

BwAOKFNR 5@ [ &2yasl TS LiTee Neieomt TiisdoReRinz0S1969 Nl 76.
Paw2 FSNI t NB 3 NI Y BaeiagNSvisIu@e2HBO7ONIR & €
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handling of corners. The team built a dynamic test unit to study the LRV and the LM toge
to understand how they would interact during the boost, translunar injection, and lunar
landing phass. The final qualification test unit was built identical to the mission vehicles ¢
was subjected to test conditions exceeding what was expected. This ensured the rover ¢
withstand the physical demands of the missidfs.

It was during this testing peod in 1970 that Boeing, in consultation with NASA, reorganize
its lunar rover program staff, resulting in the relocation of the LRV qualification vehicle al
flight vehicle assembly from Huntsville to Kent. Earl Houtz replaced Kudish as the Hunts
based LRV program manager, with Houtz reporting to LRV Program Executive John B. \
and both reporting to the LRV/Apollo Program Director Harold J. McCPéMire reasons for
0KS NBI f A3y Y Buthedprograidhgver fost @stmSrheNtlim. In fattoutz later
NEOSAOBSR b! {! Q& tdzoft A0 { SNBAOS ! gl NR F2
1 L2ff2 MB YAaaArz2yoé

Hometown Pride in the LRV

{AE FAGNRYIlI dzi&d OFYS (2 YSWYiRANY HI9DS¥o BN
program ando see the final test model, the qualification unitThe first flight vehicle
emerged from production at the Space Center in early February, ready for qualification
testing>* Six weeks later, on March 10, 1971, Boeing formally delivered the first fligtieim
of the LRV to NASA in a special ceremony held in the shadow of the space simulation cl
at the Space Center (figuB90 @ b! { ! Qa4 a{ C/ RANBOG2NI 9068
behalf of NASA, telling the Boeing officials and staff in attendange2 dz Kl @S NB
LINE dZR @ ¢

Indeed, those who worked closest to the rover were quite proud. During the Ugai the

Apollo 15 launch, Boeing electronics craftsman Paul Turcotte tol®&adtle Times & { dz
nervous about the Lunar Roving VOHi SXL Q@S RNBF YSR | 62dzi A
Y22y ® Ly FILOGzX LQ@®S fFAY gl 1S yAaIKGA 0
GKSY @2dz (Y29 az2YSOGKAY3I &2dzQ0S *Ha bulleSgie 2

P SYNE YdzRA &KZ SpadéfRyht]{ Ad2yblichidonmo THEBYfs!E Interplanetary Sotityo. 7
(July 1970): 270.
eKS . 28Ay3a /2YLlhyes ! SNRALI OS DNRdzZLIE ahNHIFYAIFGAZY
vdzl t AFAOF GA2Y +SKAOfS YR CtAIKG xSKAOES !'aasSvyotexzé {SI
+SKAOES «k ! LRt 2 t NREEMNR1970.WikiBbeind GoyiganyAQokhciate AtctavesSBéllevue,
WA.
Za{ LI OS 1 ISy Oé | 2y 2 NEne Seéttfe Nigicctob¥rl1R, 2981Sp. A1d.A OB 5 ¢
. 28Ay3 w2t fa hdzi The SeltieATEngDe@fber 2827970Np. 13y ThdsE i
attendance were James B. Irwin and David R. Scott, Apollo 15 crew and the first men slated to drive the rover on
the Moon; Charles Duke, Apollo 16; Harrison Schmitt, Apollo 17; Robert Parker, support crew for Apollo 15 and 17;
and Poulsbo, WA, native RiechaGordon, Apollo 12.
& C2 NJ | LBogirfgAewgRettuary 4, 1971, p. 1.
Pabl {1 NBOSAGSA CA NBwaing NedrsViarbk) 18y 291SmNIL. + SKA Of §3 ¢
Pw20SNI [ D ¢CHAAaES TideSealld Hinkaugust 1187$, paF@ 2y = ¢
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Dave Hendrickson tolhe Timeg G ¢ KSNXQa | 24 2F Ittt 27F
F NRPdzy R KSNB Llzi Ay 2y 3 K2dzNA -louzddysRvbries. |
laasSyof SR GKS GKSNXIFf of y15TthéBoeirgyide presidén
for aerospaceQliver C. Boileals OK2 SR U KSANJ ySNIB2dza Sy dKd
first flights in 18 years with this company, but never one where so much of the world lool
2QP0SN) 2dzNJ aK2dzf RSN |a ¢S Lldza K S&bit deikv8us, W Rith
GKS O2yFTARSYOS L KI@S Ay 2dz2NJ LIS2L)X S gK?2
2LISNI S 2y (KS *®wang years ldter ik & 2058 fnnzéwRnibrE the City of
Kent, LRV Program Executive John B. Winch re¢hbdoiggest challenge of the project was
GKS GAIKGOG GAYSTFNIYS Ay gKAOK (2 O2YLX Si
NEODSNI a2daidSYy ¢la adNrLIWSR 2 2yS 2F G4KS
exactly what kind of terrain the odule would land on, [but] it worked like a charm, no
LINREOfSY R (Ga2S@SNWE

Following the ceremony, the rover was packaged and flown to the Kennedy Space Cent
Florida (figure 293(.’ Boeing finished the second rover in late March and the third byJatee,
more than three months ahead of schedule. Rovers 2 and 3 were stored at the Kent faci
until after the Apollo 15 mission with Rover 1 was complete, in case the vehicles would r
modification after the first lunar rover mission in late July 19M& major modifications were
needed andRovers 2 and 3 shippadbser to their respective launch dates.

a8 GKS fldzyOK 2F 1 LRftt2 mp YySINBRZ SEOA
the valleymade rover. Fournier Newspapers, which puidid theKent NewsJourna) Renton
RecordChronicleandAuburn GlobeéNews sent reporters Bill and Wini Carter to cover the
launch in Florida. Wini Carter reported that Boeing had set up a press room in one of the
motels and had a model of therovefi 1 KS Y23GSt 2008 GKIG o
They toured the Kennedy Space Center with other members of the press and attended ¢
FYR LI NIGASEa Ay (GKS RIFIe&a €SFERAyYy3I dzLd G2 0
Kennedy was an awk y & LA NA Y 3 SELISNA Sy OS ¢

TheKentNews Journdeatured roverrelated highlights with a local angle not found in the
major newspapers of the day, and they provide a wonderful window into the excitement
pride for the hometown rover. Mayor Isabell Hogused the opportunity to promote Kent
and mailed a City of Kent decal to Kurt H. Debus, director of the Kennedy Space Center
K2LJSa 2F 3ISGdAy3 Ad FFTFTAESR G2 GKS Nmw®s

*"Ibid.

% Ibid.

PW2 Ky 2AYyOKSE O6wWwSGANBR 9y3IAYSSNE [w+ tNRINFYEZ . 28SAy 30
Michelle Wilmot and Edgar Riebe, City of Kent, May 14, 2018, accessed October 15, 2018,
https://vimeo.com/272473790.

Opr {1z a[wt CEtMBEX4d BWERBEIRS Sf WOBS -419Y MBANLHIOHMA wSt S 4 S
Accessed November 8, 2018. [p. 13 of PDF] https://www.nasa.gov/centers/kennedy/pdf/744322main_1971.pdf.

g1l A0NRYFdzia . fFAG2FFI BS (Kdzd R Bl w2 @723 NIKES MelvBollosp T ! GG Sy
Jul. 28, 1971, p.-2. Canaveral was known as Cape Kennedy from 1963 to 1973.

PLoARD® dazzy whi RéNSewsloSrmiaxigyst 11,2978, p.41.
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tried again with Rover 2, alswithout success. At the unveiling ceremony for Rover 2 (figur
40), Boeing presented Hogan a plaqgue displaying the special Apollo 15 stamp issued by
Po{d t2adGFtf {SNBAOS IyR 'y Sy3aN} @SR YSa
w2@PAy3 £SKAOf Soé

The enthusiasm touched all ages and interests, from children and parents to elected offi
and boosters. The Kent Meeker Days parade, which took place just two days before the
15 launch and featured tegearold Kendall Brookbank, who pilotedia-foil rover replica on
a parade float (figurdl). The Kent Jaycees, a junior Chamber of Commerce organization
rode the wave of enthusiasm unveiling a fundraising project selling blue and white buttor
with a picture of the lunar rover with text readifKent, Washingtorg Home of the Boeing
Moon Buggy(figure42). The buttons went on sale just in time for the Apollo 15 astronauts
visit to Kent in mieOctober 1973 TheNewsJournaQ & 2 Ay A/ | NI SNI NB
SESOdzi A @S 52y béd & NBBS KA NJ odcait WAYIS RI 2 | &l
R. Scott, and James Irwin during their visithe paper also pictured R. H. Nelson, general
manager of the Saturn/Apollo Skylab Division of Boeing, wearing a buitomg43).
Proceeds from the $a of the buttons went to community betterment projec?g.

Local pride in the rover continued through the final Apollo mission in December 1972, bt
outward display of enthusiasm was less evident. Perhaps the Boeing Bust, which involve
of thousands of layoffs in the Puget Sound region between 1969 and 1971, tempered
SYyGKdzaAlI aY®d | 26SOSNE GKS NRdzyRa 27F fl ez
Boeing location&® In all, Boeing laid off more than 86,000 employees, hitting King Casonty
hard that county executive John Spellman sought federal assistance to ease the Burthen
muted enthusiasm mirrored the declining interest of the nation, which had peaked with tl
first moonwalk during Apollo 11. As further evidence of this trend, Apollo 15 moonwalks
were the last to be shown live and in their entirety by the three major television netwdrks

Apollo Jclass Missions & Rover Performance

Thelunar roving vehicle was the centerpiece technology of the Aplidlass missiondt
enableda longer stay on the Moon and greater surface mobility, allowing for more surfac
experiments NASA produced reports on each Apollo mission and on the entire Apollo
program, and these reports inform the following summaries of missions 15, 16, aaldl7
the use and performance of the rovers. Upon the completion of the program, NASA repc
OKFG alGKS YAdarzy LI SNF2NXYEFyOS 2F GKS f dz
YraaArzya s+a SEOSttSyi(zZé | yR capabitbto eSokeiad

Bgazz2zy .dza3e . dzidz2ya RentNevEBwdalOdtaber 1301978 p. Wl & OSSa s ¢
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®" Eugene E. BaueBoeing: The First Centdry 6 9 y dzYOf F ¢ 21 Y ¢! .1 tdzofA&aKAYy3S
{881 ' ®{® /| AKE [KentNedouriddJanluadyile, 2970, p-L 8 2 FFa = ¢

% Scott and Jurek, 74.
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SYyKIyOSR RiThdrepdtipiesngd fircal performance data collected on each
rover during their respective missions (figuré) 4
Apollo 15

Launch: July 26, 1979;34 AM EDT, Kennedy Space Center, Florida

Return: Augus7, 1971, 4:45 PM EDT, North Pacific Ocean

Mission duration: 12lays, 7hours, 11minutes

Lunar landing site: near Hadley Rille, Apennine Mount@fsl3 N, 3.63 E)

Lunar surface duration: 2 days, 18 hours, and 54 minutes.

Launch vehicleSaturn V (SA10)

Payload: Endeavor (CML2); Falcon (LMO); Lunar Roving Vehicle (LRV)

Crew: Colonel David R. Scott, Commander; seventh person to walk on the Moon
Lt. Colonel James B. Irwin, Lunar Module Pilot; eighth person to walk on the Moo
Major Alfred M. Waden, Command Module Pilot

As Al Worden piloted the CM in lunar orbit, Jmvin and DaveScottguided the LM Falcon to
a landing site on the plains of Palus Putredinis adjacent to Hadley Rille near the Apennir
Mountains. It was the one of the fastest@hardest lunar landings of the Apollo missions,
coming in at 6.8 feet per second. The crew fiaar primary objectivesto explore the Hadley
Apennine regionset up and activate lunar surfaseientific experimentsmakeengineering
evaluationsof new Amllo equipment, and condudtinar orbital experiments and
photographic tasks.

The rover allowed the crew to venture a cumulative 17.3 miles, considerably farther frorr
LM than astronauts of previous missions who traveled on foot. The vehicle avesagetles
per hour and reached a top speed of 7 miles per hour. Scott and fraxersedthe lunar
surface in the LRV during three extravehicular activities (EVAS) totaling 18 hours, 35 mir
between July 31 and August 2. They collected 170 poundsiaf kamples, set up the Apolic
Lunar Surface Scientific Experiments Package (ALSEP) array, obtained a core sample fi
about 10 feet beneath the lunar surface, and provided descriptions and photographic
documentation of the area around the landing sitg(fies 2 through 8).

Scott and Irwin were the first to pilot the rover on the lunar surface, and they \éezey

L SFaSR 6AGK (GKS OSKAOf $Qa LIS NimBingdpati®p?d =
In a postflight visit to the Boeing Space Cent&cottO f f SR G KS NR OSNJ
GSKA DTS aiisk S OSKA Of §Q& LISNF2NXIyOS 2y (KE
deployment technique, vehicle maneuverability during motion, and the whaetion as
things that worked very well. QoS NE St &> (KS& NBLR2NISR (K
malfunctioned, but only during the first extravehicular activity (EVA), and that excessive
was needed to secure the rover seatbelts. Additionally, the video signal was lost from th:

09 NASAApollo Program SummgaReport, JS@9423,sec. 4, p. 101.

" NASAApollo 15 Mission Report, M®6161, December 1971, p. 83, accessed February 21, 2019,
https://www.hg.nasa.gov/alsj/al5/ap15mr.pdf.

a1 alNRY |l dzii & The SdatileiTEneDcdB6INE71, p. D1.
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lunar surface camera mounted on the rovér.

Once back in lunar orbit, the crew launched the Particles and Fields Subsatellite from th
service module. It studied the magnetic field environment of the Moon and mapped the |
gravity field until it failed in edy 1973.

In addition to being the first mission to feature the roy#ris mission set several new recorc
for crewed spaceflight. Apollo 15 was the longest Apollo mission; it featured the heavies
payload in a lunar orbit, the most EVAs with the loridetal duration, the longest time in
lunar orbit, and the first satellite to be placed in lunar orbit by a crewed spacecratft.

The postmission report concluded thatthed G NI A Y SNJ KIF' R LINE A R!
GNI AYAY3ISé YR U Kdtlie ludakendronm@ntin FRegpénse tdtie LG S
problems reported during Apollo 15, Rovers 2 and 3 were modified in the following ways
the auxiliary circuit breaker capacity was increased; 2) Velcro was added to the battery ¢
to provide increased qtection against dust, and reflective tape was added to provide mo
radiative cooling; 3) new undeeat stowage bags with dust covers and modification to
stowa%e bag straps; 4) and stiffened seatbelts with esater tightening mechanisms were
added.

Despite the many achievements, the legacy of Apollo 15 was marred by controversy. Th
problem involved thd-allen Astronayta small aluminum figurine created by Belgian artist
Paul Van Hoeydonck. During the second EVA on August 1, Scott sealy thle figurine
and a plagque bearing the names of fallen American astronauts and Soviet cosmonauts ¢
lunar surface. Upon public disclosure of the memorial in the year following the mission, i
became clear Hoeydonck had a different view of the-gnmanged agreement with the
astronauts, which left him feeling slighted. He had not been consulted on the name of th
piece, and he was not being credited for the artw6tkVhat was largely a dispute between
Scott and Hoeydonck was quickly overshadowed bigger controversy discovered followin
the mission. Scott, Irwin, and Worden had secretly carried with them to the Moon
unauthorized postmarked postal covers (mailing envelopes) that they sold to a German :
dealer upon their returr/® NASA officialsral elected officials weighed in as the controvers)
received considerable press attention. The three astronauts were reprimanded and neve
flew again.

Z NAS\, Apollo 15 Mission Report, M®6161, p. 10205
Ibid.

“ NASAApollo 16 Mission Report, M®Z23Q August 1972, Appendix A, pb5accessed February 21,
2019, https://www.hg.nasa.gov/alsj/al6/A16_MissionReport.pdf.

"®Corey S. Powell and Laurie Gweh $BA NB = & ¢ KS  { O dzSlatkl ReteBbelf, 201K S az22y s ¢
accessed January 31, 2019,
http://www.slate.com/articles/health_and_science/science/2013/12/sculpture_on_the_moon_paul_van_hoeydon
ck_s_fallen_astronaut.html.

’® Andrew ChaikinA Man on theMoon: The Voyages of the Apollo AstronaiMew York: Penguin Books,

2007), 49697.
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Apollo 16

Launch: April 16, 19722:54 PM EST, Kennedy Space Center, Florida

Return: April 27, 1972:45 PM EST, South Pacific Ocean

Mission duration: 11 days, 1 hour, 51 minutes

Lunar landing site: Descartes Highlan@s97”° N, 15.50 E)

Lunar surface duration: 2 days, 23 hours

Launch vehicleSaturn V (SA11)

Payload: Casper (GML3) and Orion (LM1); Lunar Roving Vehicle (LRV)

Crew: Captain John W. Young, Commander; tenth person to walk on the Moon
Lt. Colonel Charles M. Duke, Jr., Lunar Module Pilot; ninth person to walk on the
Lt. Commander Thomas K. (Ken) Mattingly, I, Command M&tlole

In January 1972, NASA announced al&9 delay in the launch of Apollo 16 due to technice
concerns involving an explosive device used to separate the CM from the LM. After
modification and additional testing, the subsequent launch on April 16 wethiout incident.
Once in lunar orbit, Thomas Mattingly remained in the CM while John Young and Charle
Duke piloted the LM Orion to a landing site on the Descartes Highlands. The crew had ti
primary objectivesto inspect, survey, and sample materiated surface features near the
landing site, emplace and activate surface experiments, and conddiajlm experiments and
photographic tasks from lunar orbit.

Young and Duke traversed the lunar surface in the LRV during three EVAs totaling 20 h
minutes between April 21 and 23. The vehicle traveled a cumulative 16.59 miles and ree
a top speed of 8.7 miles per hour. They collected 209 pounds of lunar samples, set up tt
Apollo Lunar Surface Scientific Experiments Package (ALSEP) arraydotuieenend trench
samples, collected measurements with the lunar portable magnetometer, and provided
descriptions and both panoramic and 500 mm photography of the region around the lant
site. The findings of the mission disproved the-prsssion hypothsis that the geologic
formations in this lunar region were volcanic in origin.

During the first EVA, Duke retrieved the largest rock returned by an Apollo mission. Luni
Al YLXS cmanmcE yAOlYlFYSR . A3 adzZ S& | Fi4SN
Muehlberger, weighed 26 pounds and was collected from the east rim of Plum Crater. A
RdZNAY3I GKS FANRG 9+! 3> |, 2dzy3 RA&AO2OSNBR
began working normally later in the EVA. During the second EVA, Young binmgadd
broke off the right rear fender extension, an incident that happened in training and during
later Apollo 17 mission. The issue was not missigiical, and no repair was made. At the el
of the third EVA, Duke left a photograph of his faraityg a U.S. Air Force medallion on the
fdzyl NJ AadzNF I OS O0FAIdz2NBa o GKNRIzZAK mMnoud h
second Particles and Fields Subsatellite from the service module, but it failed after 35 de¢
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ThepostY A & a A 2y NBBridgnbidte ofitheAuRar roving vehicle was gdod 5 dz] !
YoungNB L2 NIi SR G KI G @SKA Ot S & OranyiriaNdobit ofdhe smal
semndaries with eas®’¢ In addition to theloss of the rear fender extension and the
temporary losof rear steering, they reportedlevatedbattery temperatures and multiple
failures of instrumentation hardwaré&

C2ft26Ay3 GKS aASO2yR NROSNRA LISNF2NXYIyO
the following minor modifications were reported) fender extension stops were added to
each fender to prevent their loss; 2) a signal cable was added to provide navigation
information from the rover navigation system; 3) and a decal was added to the aft chass
aid the crew in locating the propérole in which to place the pallet stop tethét.

Apollo 17

Launch: December 7, 19722:33 AM EST, Kennedy Space Center, Florida

Return: December 19, 1972, 2:24 PM EST, South Pacific Ocean

Mission duration: 12lays, 13hours, 51minutes

Lunar landing siteTaurusLittrow HighlandsZ0.19 N, 30.77 E)

Lunar surface duration: 3 days, 2 hours

Launch vehicleSaturn V (SA12)

Payload: America (Ci114) and Challenger (L-02); Lunar Roving Vehicle (LRV)

Crew: Captain Eugene A. Cernan, Commander; eleventbometo walk on the Moon
Dr. Harrison H. Schmitt, Lunar Module Pilot; twelfth person to walk on the Moon
Commander Ronald E. Evans, Command Module Pilot

lLRtft2 Mt gFa GKS FANROG yAIKEG fFdzyOK Ay
geologist Halison Schmitt was the first scientiastronaut to land on the Moon. Schmitt anc
Eugene Cernan guided the LM Challenger to a landing site in the mountainous region of
TaurusLittrow Highlands. The site was chosen as a location where both older andsfoun
rocks than those found in previous missions might be found. Like the previdass]
missions, objectives for the crew of Apollo 17 were to explore and sample the materials .
surface features near the landing site, to set up and activate ALSERnesptsr on the lunar
surface for longerm relay of data, and to conduct inflight experiments and photography.

Cernan and Schmitt traversed the lunar surface in the rover during three EVAs t@aling
hours,four minutesbetween December 11 and 14. Thegveled in the rover a cumulative
distance of 22.37 miles, which remains the greatest distance humans have traveled on t
lunar surface, collecting a record 243 pounds of lunar samples. During the first EVA, Cel
inadvertently broke off the right rediender extension, causing the crew to be covered witt
lunar dust when the vehicle was in motion. At the beginning of the second EVA, the crev

"NASAApollo 16 Mission Report, M®E23Q sec. 9, p. 340.

8 bid., sec. 8, p. 1.

7 NASAApollo 17 Mission Report, 387904 March 1973, Appendix A, p. 3, accesBebruary 21, 2019,
https://www.hg.nasa.gov/alsj/al7/A17_MissionReport.pdf.

25



fashioned a replacement fender extension that lasted the remaining duration of the miss
(figure 22). It was undne after the third EVA so the materials could be used during the re
trip in the LM. The second EVA was the longest, at seven hours, 37 minutes.eAttbéthe
third EVA the crew unveiled a plaque acknowledging the achievements of the Apollo jpno
(figures 15 through 24).

ThepostY AdaA2y NBLER2NI AYRAOFIGSR GKIFG w2 @SN
GO2yUNREtlIOoOAfAGE g1 & I22RXE YR y2 LINROE
20a0l Ot § P Semnaniand SihinBt yegoéted similarglems with the battery
temperature and rear fender as those noted by the Apollo 16 crew, as well as minor slip|
while the vehicle was in motion. Importantly, the problems never threatened the complet
of the mission. The mission report summarized 2 3SNJ G KA & gl &y a¢
outstanding device which increased the capability of the crew to explore the T-hittrsy
region and enhanced the lunar surface data return by an order of magnitude and maybe
Y2 NB o¢

Apollo 17 was the only lunaugace mission to include the Traver&gavimeterExperiment
(TGE), the Surface Electrical Properties (SEP) experiment, and a Biological Cosmic Ray
Experiment (BIOCOREhe TGE was carried on thRV and measured relative gravity at
various locations. Usg a transmitting device at the LM, the SEP sent electrical signals to
antenna on the LRV to measure electrical properties in the lunar soil. The BIOCORE stu
five mice for possible cosmic ray damage. The crew nicknamed the mice Fe, Fi, Fo, Fun
Phooey, and four of the five survived the mission.

As the crew spent their final moments on the lunar surface, Cernan said:
I'd just like to say that any part of Apollo &or any part of Apoll@ that has been a
success thus far is probably, for thest part, due to the thousands of people in the
aerospace industry who have given a great dgla¢sides dedication and besides effort
and besides professionalisgto make it all a reality. And | would just like to thank thenr
Because what we've done heamd what has been done in the pasas a matter of fact,
what has been done for 200 yearyou've got to contribute [means "attribute"] to the
spirit of the group of people who form the aerospace industry. And | say, "God bless
YR biKPy|l &2dé

Shmitt re-entered the LM first, and as Cernan prepared to ascend the LM ladder, he sai
I'm on the surface; and, as | take man's last step from the surface, back home for sor
time to comeg but we believe not too long into the futurel'd like to just ay what |
believe history will record. That America's challenge of today has forged man's destir

% |pid., sec. 9, p. 1.

 Ibid., sec. 10, p. 20

8 ColinBurgess and Chris Dubbs, Animals in Space: From Research Rockets to the Space Shuttle (New York:
Springer Publishing, 200B20.NASAApollo 17 Mission Report, 387904 Appendix A, p. 26.

% Eric M. Jones and Ken Glover, edisollo 17 Lunar Surface Jourr95, accessed November 1, 2018,
https://www.hg.nasa.gov/alsj/al7/al7.html.
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tomorrow. And, as we leave the Moon at TauwiLigrow, we leave as we came and, God
willing, as we shall return, with peace and hope for all mankind. Gaatsghe crew of
Apollo 17%

Cernan remains the lasiumanto have walked on the Moon.
Legacy of the Rover & the Kent Space Center

Apollo 17 marked the end of the Apollo program. With no major folignspace exploration
initiatives scheduled, the U.Sace program lost momentum and Boeing officials sought
other types of projects to carry out at its Kent facility. In the early 1970s, Boeing won a
contract to design a personal rapid transit (PRT) system for the University of West Virgir
Morgantown. hese rubbettired, electrically powered vehicles were silent and emission fr:
and traveled on computerized concrete guideways. The system is still in use today. Othe
projects carried out at the Space Center since the early 1970s have included wateagarif
and windenergy systems; the production of parts for the Hubble Space Telescope; an
Airborne Warning and Control System (AWACS) for the U.S. Air Force; the Inertial Uppe
IUS, an autopiloted rocket that sent the Magellan spacecraft to Vebaklieo to Jupiter, and
Ulysses to the sun; and many aerospace and electronics projects for other Boeing divisi
. 2385)\y39a F220LINAY G Ay YSyid O2ya4NY OGSR a
2012.

The LRV is truly uniqgue among all thejpcts completed at the Kent Space Center. In his
many media interviews about the rover Boeing LRV program manager Henry Kudish alw
stressed the sophistication of the vehicle. He bristled at those who compared the rover t
golf cart, dune buggy, orlanar Jeep, noting it had to withstand the vibrations of a launch,
the extreme temperatures during flight, the shock of landing, and the harsh lunar land%:
Years later in 1988, at a conference on 21st century space activity, his NASA counterpa
Saveh 2 C® a2NBI SOK2SR YdzZRAAK AY | NHdzAy 3
2F F aL) OSONY Filoé IS K2LISR GKIFG GKS RSa
contemporary space planners as they revisited the topics of lunar bases and egtrer
planets?7 It would be another nine years, and a quarter century after Apollo 17, before N.
landed a rover on another celestial bodyhe Sojourneya remotely operated robot designet
for scientific experiments on Mars.

The imagination andriowledge that resulted in the LRV was transferred to solving other

*Ibid.
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December 11, 2012, accessed March 15, 2019, https://www.bizjournals.com/seattle/news/2012/12/11/california
companyplanslarge.html.
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1969, p. 4.

¥ Morea, 631.
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technological challenges on Earth. Scientists and researchers in private industry and
320SNYYSyYyd NBaSFNOK | I3SyOAasSa | RgGFyOSR i
studies of mobity, navigation, and robotics. For example, Mieczyslaw G. Bekker, a leadir
expert in the design and locomotion of military and-offid vehicles who had consulted witt
NASA, Boeing, and others during the rover studies of the 1960s, published a semiad wc
1969 advancing the latest vehicle mobility theorie$nimoduction to TerraifVehicle
System$P¢ KS ! o{ ® . dz2NBl dz 2F aAySa gl a LI NIAC
mobility technologies for adaptation in mines. The rover technology méar 1970sera
researchers studying mobility aids for disabled persons. In particular, the joystick hand
controller concept proved useful for both wheelchairs and automobiies.

The experiences and discoveries of the Apollo missions continue to infotinesdl years
later. On March 11, 2019, NASA announced the selection of nine teams to study pieces
Moon that have been stored and gone untouched for nearly 50 years. The samples, coll:
during the Apollo 15, 16, and 17 missions from 1971 and 1®&& stored for study at a
later date when technology would be more advanc@d.

With the Apollo missions back in the news as-ealfitury anniversary dates come and go,
space exploration has received renewed attentioh. f G K2 dz3 K . 2 SA YynHIS) a
considerably less than it was during the Space Race, other aerospace firms such as Blu
have filled the void. Led by Amazon.com, Inc. founder and CEO Jeff Bezos, Blue Origin
unveiled its concept for the Blue Moon lander that it hope®ne day send to the Mooff.
Although timelines have not been announced, Kent remains poised to again play a centi
in a return to the Moon.

% Burkhalter and Sharpe, 212.

¥op t SAT SNE erosthéids sl Orthétics!InfeiRatiangl (1978): 107.
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2019, https://www.nasa.gov/feature/nasaelectsteamsto-study-untouchedmoon-samples.
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accessed March 15, 2019, https://www.nasa.gov/feature/nasaeilssustainablecampaignrto-return-to-moon
on-to-mars.
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Written Sources (books, articles, newspapers):

Bauer, E. BBoeing: The First Centunumclaw, WA: TABA Publishing, 2000.
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TheBoeing Company, Corporate Archives. Bellevue, WA.
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The Boeing Company, Industrial Relatidnsar Roving Vehet, Spacecraft On Wheels
[2-page flyer] Undated.

The Boeing Company, LRV Systems Enginektingr Roving Vehicle Familiarizatidnne
3, 1971.

NASAMarshall Space Flight Center. News release of LRV Line Drawing: LRV Stowec
Payload Installation. Phot®10844. Release date March 1, 1971.

Photograph Collection
Lunar RovinyehicleShown Folded For Stowage on Spacecraft. Mar. 1971. 2A302
Lunar Roving Vehicle Ready for Moon Journey. Mar. 1971. 2A302169.
Sharron Scott, Boeing Secretary, Poses In NRdate. P47742.

The Boeing Companiunar Roving Vehicle Engineering Mogk Constructed 1971. Museun
of Flight Museum Collections, Seattle, WA. Personal visit and online. AccesebdrOci
15, 2018. http://www.museumofflight.org/spacecraft/boeidgnarrovingvehicle
engineeringmock

29



wb2 ! dzZiK2NB &.

2 FReumdug®,nd. 8 @uhe/23,! LI
MpcTUOY MP wt dzo

U a
2y 2F b! {! Q& alyy

wb2 1 dziK2NB a¢KS . 2SAy3 [ dzal2NyReeig Maghzindot
No. 2 (February 1970): 4.

Boeing News
GbS¢ { LI OS [FTo2NIG2NARSa tflyySR G YS
GCANERG ! YAl a2@dSa Ayld2 MaBwii, 1965y G SNIT ¢
G/ 2YLI OG /NI F2NJ a2285 2y d2NRSKSifaa o & a\Rdze
G{ GNBRDFR az22y . dzZA3IE& FT2N QNS 65 FA O { dz
GbS¢ YSyld | SIFRIljdzZr NISNARE F2NJ { LI OS 5AQA3S
Y2O0KXZ w23aASNXW G{2LKAZGAOF ISR [dzyl NJ w24 ¢S
19609.

G[ dzy F NJ w2 @SNJ CSIF GdzNBa 9t SOGNARO 5NROS 2
Gw2FSNJ t NPINFY az2@S&8 C2NBIFNR®PE WdzyS Hp
G C2NJ ! LEebriag 4,y ¢

Gb! {! wSOSA@Sa& CA NMaich I8d¥g7H.NJ w2 FSNJ + SKA C
G wx 5S0GF Auly83NL. gAY IDE

G! aGNRPY Il dzia tNIAAS bSFENIt SNFSOU {K2g ¢
bl dzOf SNE / AyReéd . 2SAy3 9y3IAYSSNER wSod

— %) N

<

BurgessColin,and ChrisDubbs Animals in Space: From Research Rockets to the Spadttle
New YorkSpringerPublishing, 2007.

. dzN] KFEGSNE . SGGesS .o YR aAldOKSttf wo
5S@St 2LIYSyd | yleurnal & Mhie Braish Sicrplanétary SocikBy(1995):
199212.

/| 20 KASNES S AfHIAOY & Sy G SNI { KIF NLISy aBogiigS C:
Magazine30, No. 10 (October 1965):3

Cernan, Eugene, and Don DavVise Last Man on the Moon: Astronaut Eugene Cernan anc
' YSNRAOI Qa wISGS | RWJ {YLI{ @ P a | Ndn ka5 Qait oftApkfioa
17]

Chaikin, AndrewA Man on the Moon: The Voyages of the Apollo Astron&igs: York:
Penguin Books, 2007.

Kent NewsJournal
G{ LI OS [I 04
GYSYaGaXxX{ LI OS
a! SNB { G NHzO
. 28SAy3 wSO

0 2 FebiBary.5d2RE4.0 ¢ KA & , St NXpE

1 3S /A0 @ dndultipleSukidlediguR 19M®BBAA

dZNB&a G2 . NAy3d mnnb 9YLX 2@

ADdSa bwmd aAif Oddbef 31, GG NI Ol
30

N (N>



G/ 2dzyde G2 {SS] 'o{Pd /}aKI gAGASa G2 !
I FNISNE 2AyAd ! adNRyldzia .fFad2FF oAl
Gb2 hNRAYIFNE /I NPE Wdzx & HYyZ MPT MO

GYSYG { LI OS /SyiSNIovYLIX28YSyid w{ialofSd
Gaz22y WARSNB wS{idaNYy |1 2YSdé¢ ! dz3dzad mmI
G! LIR2EE2 mMc [dzyl NI wyByyia{+B30501 SyidRPE |
Gaz22y .dz33& .dzid2ya D2 h@SNI . A3 {I &
FNOSNE 2AYA® o ! a0NRyYylFdzia ¢2dzNJ/ Sy
| SQa {(dz01 2y GUKS az22y .dzZA3eodé hou2o
2SAYy3 hLISya YSyid oél d LINSNID @S (vapTHYDR d

tnrn <

Jones, Eric M., and Ken Glover, éds Apollo Lunar Surface Journfds online journal
hosted by NASA that features original transcripts, video clips, photographs, subseq
reports, etc.] Accessed Nov. 1, 2018: https://historyangsv/alsj/main.html.

Kennedy, John Bpecial message to Congress on urgent national needs, 25 May 1961. F
of John F. Kennedy. Presidential Papers. President's Office Files. Speech Files. Ac
November 9, 2018. https://www.jfklibrary.org/asset
viewer/archives/JFKPOF/034/JFKRI3&-030.

Kershner,Jima . 2SAy 3 YR 21 AaKAY3i2yHuamHisBYBEnE ol O
Online Encyclopedia of Washington State Histesgay #11112015 Accessed Oct. 15
2018: http://www:.historylink.org/Filé11111.

YdzZRA &KX | Sy NE o Sgadefight: A Ritylidathdh off @ Byibslp knterplanetary
Societyl2, no. 7 (July 1970): 20T n ® wYdzZRA&AK gl a . 2SAy 3|

[ FdzZNBSYy > [dzOFad a¢KS az22y . Sft2yaxXxE G2 b2
Smithsonian.com. December 13, 2013. Accessed February 22, 2019.
https://www.smithsonianmag.com/scieneeature/the-moon-belongsto-no-one-but-
what-aboutits-artifacts 180948062/

Lentz, Florence Kent: Valley of OpportunitfChatsworth, CA: WindsouBlications, Inc.,
1990.

[ Syidl = Ct2NBYyOS Yo YR {FIN¥YK Wd al NIAY
Landmark Registration Form. Approved by the Tukwila Landmarks Commission, M
22, 2018.

Lombardi, Michael. Corporate Historian, TheeBig Company. Personal Communication, Fi
2018.

[@82y AT wWAOKFNR 5@ &WSS LITHe NdwfYork Tyiedhe RIoC0S
1969.

31



a2 NB I = { Th&lSuhaR Roving Wehidle, A Historical Perspeéiilee Second Conferent
on Lunar Baseand Space Activities of the 21st CentWASA Conference Publication
3166, vol. 2 (1992): 61832. Accessed October 15, 2018.
https://history.msfc.nasa.gov/lunar/LRV_Historical_Perspectivecpaf 2 NS I & |
LRV Program Manager.]

National Aeronauticand Space Act of 1958, As Amended. Accessed March 1, 2019.
https://history.nasa.gov/spaceadegishistory.pdf.

National Aeronautics and Space Administration (NASg9llo 15 Mission Report, M&G161.
December 1971. Accessed February 21, 2019.
https://www.hg.nasa.gov/alsj/al5/apl5mr.pdf.

Apollo 15 Press Kit, Release nol119K July 1971. écessed December 28, 2018,
https://history.nasa.gov/alsj/al5/A15 PressKit.pdf.

Apollo 16 Mission Report, M®Z230Q August 1972. Accessed Felmuadl, 2019.
https://www.hqg.nasa.gov/alsj/al6/A16_MissionReport.pdf.

Apollo 16 Press Kit, Release no64K April 1972. Acessed December 28, 2018
https://history.nasa.gov/alsj/al6/A16_PressKit.pdf.

. Apollo 17 Mission Report,-0%3®4. March 1973. Accessed February 21, 2019.
https://www.hqg.nasa.gov/alsj/al7/A17 _MissionReport.pdf.

Apollo 17 Press Kit, Release n622PK November 1972. écessed December 28,
2018 https://history.nasa.gov/alsj/al7/A17 _PressKit.pdf.

.Apollo Program Summary Rep@t5e9423) Houston, TX: Lyndon B. Johnson
Space Center, April 1975. Accessed February 22, 2019.
https://www.hqg.nasa.gov/alsj/APSBS@9423.pdf

YUYy ypd aecKS 'LIRff2 ailaairzyaodseg | 00Saa
https://www.nasa.gov/mission_pages/apollo/missions/index.html.

IRURURURTRURURIR G wx CfAIKG az2RStf 5SSt ABEANE ¢
March 10, 1971. Accessed Nov ember 8, 2018. [Page 13 of PDF]
https://www.nasa.gov/centers/kennedy/pdf/744322main_1971fpd

pYYpppyyed ab! {! LYF3IS FyR

7

+
https://images.nasa.gov/ [P A da A2y I NI A &i
during each mission.]

PYYpeeyyesd ab! {! {StSOGa ¢SIYvya (2 ,paiezRe



Accessed March 15, 2019. https://www.nasa.gov/feature/nasectsteamsto-study
untouchedmoon-samples.

Yy d ab! {! 'y@gSAata {daidlAytroftS /IY
September 18, 2018. Accessed March 15, 2019. https://wwvagas/feature/nasa
unveilssustainablecampaignrto-return-to-moon-on-to-matrs.

NASA, Goddard Space Flight Center, and Arizona State University. Lunar Reconnaissar
Oribter: Apollo Landing Sites imagery. 2gfi@sent. Accessed January 18, 2019.
https://www.Iroc.asu.edu/featured_sites#ApolloLandingSites

bt {! { LI OS {OASYOS IyR 5l il-vpByi®aId 00K
28, 2018. https://nssdc.gsfc.nasa.gov/planetary/lunar/apollo.html

Olson, Barbara E. The Boeing Company, Hist@aices. Personal Communication,
November 12, 2019.

t SAT SNE 9 o erosBh@iksyard Ortthiticd IriteRnatidral(1978): 105110. Accessec
January 21, 2019. http://www.oandplibrary.org/poi/pdf/1978 02_105.pdf.

Powell, Corey S., and Laurie Give { KI LA NB @ & ¢ KS { SatefDedénasiie,
2013. Accessed January 31, 20109.
http://www.slate.com/articles/health_and_science/science/2013/12/sculpture_on_tr
_moon_paul_van_hoeydonck_s_fallen_astronaut.html.

Scott, David M., and RictthJurekMarketing the Moon: The Selling of the Apollo Lunar
Program.Cambridge, MA: The MIT Press, 2014.

The Seattle Times
aO52ylfRY [dzOAfSd® aCINYSNAR ¢l 1S {i
Gal@2NJ 2Sf02YSa .2S4WaEK4. ¢2 YSyildoe C
GYSyYy G / Sy idSNJ DSdME QA NEOK avwlaf aveg&dp o
togAaas w20SNI [ ab2g¢g LGQa DNBSYy ool O
tgAraas w20SNIL [® aGnZnnn G0 5SRAOFGAZY
G. 2SAy3 w2ffa My xBNEARYO2RWo $NyHo X mp
G. 2SAYy3 hy ¢KS a22Aogbstl, 19VIdzf G A LI S F NI A Of
G{ LI OS 1'aASy0eé | 2y2N&E .2SAy3 9YLIX 28S w3

LJa
0N

w U
&

Stein, Alan &1 Y S¢f (i ¢ K dzY 6 y | MistoryLikkéoig ®NiBe Eacyclopedia of Washing
State Histoy, Essay #3587, 200Accessed November 28, 2018.
http://historylink.org/File/3587.

{GAfSas al NO® a.2SAy3 {Stf Ay PugetSoundBNshéss
Journa) December 11, 2012. Accessed March 15, 2019.

33



https://www.bizjournals.om/seattle/news/2012/12/11/californiacompanyplans
large.html.

@2y . NI} dzys 2 SNYKSNID &/2NP sAaSANIErchi?RS3D92 1 ppa229.

YUYy d al 2g 2 SQiPopuldr SdiedtEss, N@ ¥ (Fabriisdy 1962)21¢
26. Accessed Odaber 15, 2018
https://books.google.com/books?id=qSODAAAAMBAJ&pg=PA18#v=0onepage&q&f=

PYYPYYyYywy FyYyR CNBR [ ® 2 KALLX Sd 20tafFAyS NXYa (2
October 25, 1952, pp. 34&5.

YUy d daly 2w SHKES falkNODCIOKESS] DA NS .

ZimbelmanJames RY ¢ KS | LJ2f £ 2¢{[f IAYRBA { B G{d¥ (G $azy | NI |
website. Accessed December 28, 2018.
https://www.Ipi.usra.edu/publications/slidesets/apollolanding/

Oral History/Interviews:

lG1AY&EaS | FNNRE OWSGANBR 9y IAYSSNE [ wzx t
Interview by Michelle Wilmot and Edgar Riebe, City of Kent, May 9, 2018. Accesse!
October 152018. https://vimeo.com/272473790

Winch, John (R&tNBR 9y 3IAYSSNE [wx t NRINIYZI . 2SA"
Interview by Michelle Wilmot and Edgar Riebe, City of Kent, May 14, 2018. Access:
October 15, 2018. https://vimeo.com/272473790

J) Map and Photographs

Attach copies of historic maps or photos if available, and current photos (5 x 7 B & W). Include a current
map 1 appropriate U.S.G.S. map and parcel map 1 with the location of the property and its boundaries
clearly marked. (see instructions)

INDEX OF IMAGES

Figure 1 Map of the Moon, with Apollo dmission landing sites highlighted

Figure 2 Apollo 15 Lunar Site, in the Hadl&pennine region, 1971

Figure 3 Apollo 15 Lunar Site, vertical viewtbe HadleyApennine region, 1971

Figure 4  Apollo 15 Lunar Site, close view showng visible remnants of the mission, 201
Figure 5  Apollo 15 atronaut David R. Scott, seated in the LRV, Jul. 31, 1971

Figure 6  Apollo 15 atronaut James B. Irwin, near the LRM, 31, 1971

Figure 7 Apollo 15 atronaut James B. Irwin salutes flag, Augl971

Figure 8  Apollo 15traversemap noting location of LM angathspf LRV during three EVA

34



Figure 9

Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16

Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25
Figure 26
Figure 27
Figure 28

Figure 29
Figure 30
Figure 31

Figure 32
Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38
Figure ®

Figure40

Figure41

Figure42
Figure 8
Figure 4

Apollo 16 Lunar Site, in tHeescartes Highlands regiat972

Apollo 16 Lunar Site, vertical viewtbe Descartes Highlands region, 1972

Apollo 16 Lunar Site, close view showing visible remnants of the mission, 20

Apollo 16 atronaut John W. Young, with LB®hind him,Apr. 23, 1972

Apollo 16 atronaut John W. Young drives the LRpf. 21, 1972

Apollo 16 traverse map noting location of LM and paths pf LRV during three

Apollo 17 Lunar Sitén the Taurud.ittrow Highlands and valley areE72

Apollo 17 Lunar Site, vertical view of thaurusLittrow Highlands and valley e,
1972

Apollo 17 Lunar Site, close viewshowing visible remnants of the mission, 20:

Apollo 17 Lunar Sitexereme closein view of LRV in final parking spot, 2011

Apollo 17 atronaut Eugene A. Cernan driving the LR\¢, D&, 1972

Apollo 17 Lunar Sit&,RV sits parked, Dek972

Apollo 17 atronaut Eugene A. Cernan next to the LRV, Dec. 13, 1972

Apollo 17 closaip of LRV with makeshift repair to fender, Dec. 12, 1972

Apollo 17 LunaSite, LRV shown in final parking sdoéc. 13, 1972

Apollo I7 traversemap noting location of LM angathspf LRV during three EVA

dLunar Roving VehicteSpacecrafon Wheeld2-page flyer}( . 2 SAy 3=

G[ w+ DBr&vingé Bdeing Newsluly 8, 1971, p. 3

G[ wx [/ 2YLRYSYG& IbyR !5 A& WEHEBA 2WAE T2

LRV Line Drawing: LRV Stowed Payload Installation,-MSS5& News Release,
1971

LRVWshown folded for stowage onspacecraf, at Boeing Space Centéfar. 1971

lllustration of LRV Deployment Sequence

Boeing advertisement about Kent Space Cerent NewslJourna) Aug. 19,
1964

. 2SAY3QA ¥ S dBodingNe@Rugl 553066S NZ

Nustd GA2ya 27F . BdeikgyNBvRBIun. a8 0963. . >

Boeing LRV Program secretary Sharron Scott, sitting in an LRV, 1971

Boeing LRV Program secretary Judy William, 1965

Map of theKent Space Center, 1971

Boeing Spax Center, building$8-23 and 1824, 1970s

Boeing Space Center, buildinb$04 and 1805, 1970s

News clipping and photo ohe first LRV, Mar. 10, 1971

Mayor Isabel Hogan examines RoveK&nt NewslournaJ Aug. 18, 1971

Kendall Brookbank, age 10, with a-toil replica roverKent Newslournaj Jul.
28, 1971

YSyid WFHeO0SSa avyz22y o6dzA3e¢ odzidzy

. 2SAY3IQE wod | & bStazys gSIENARY3I | &

Table showing LRV performance during Aptb, 16, and 17 missions

35



Figure 1: This map of the Moon shows the Apecltaiskion landing sites in green. The arrov
point to missions 15 (left), 16 (center), and 17 (right). Digital image archived by NASA a
https://nssdc.gsfc.nasa.gov/planetatyhar/moon_landing_map.jpg
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Figure 2:Apollo 15 Lunar Site. The arrow points to the Hadd@gnnine landing site, adjacen
to the Apennine mountain rang®& ASA photograph ASM-1537, taken Aug. 1, 197 Digital
image archived bNASA/JSC/Aona State Universitgt
http://wmes.Iroc.asu.edu/apollo/view?image_id=ASM-1537
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Figure 3: Apollo 15 Lunar Sg¢é&/ertical View. The arrow points to the Hadlapennine
landing site, adjacent to the Apennine mountain ranyASA photograph ASM-1135
taken Aug. 1, 197.IDigital image archived by NASA/JSC/Arizona State University at:
http://wms.Iroc.asu.edu/apollo/view?image_id=ASM-1135
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Figure 4 Apollo 15 Lunar Site2011. The white arrows point to the visible remnants o th
mission, and the small black arrows point to LRV tracks. This image was taken from an ¢
of 25 km by the Lunar Reconnaissance Orbiter (LRO). Image Credit: NASA/GSFC/Arizo
University, M175252641L. This and other LRO imaafery

http://www.Ir oc.asu.edu/featured_sites/#ApolloLandingSites
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Figure 5: Apollo 15stronaut David R. Scott is seated in the LRV during the first EVA at th
HadleyApennine landing site. Astronaut James B. Irwin took the photogfdplsA
photographAS1585-11471, taken Jul. 31, 197 Digital image archived by NASA at:
https://spaceflight.nasa.gov/gallery/images/apollo/apollo15/html/as85-11471.html
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